The operational data analysis of the GPS radio occultation experiment aboard the German CHAMP (CHAllenging Minisatellite Payload) satellite mission is described. Continuous Near-Real-Time processing with average time delay of ~5 hours between measurement and provision of analysis results is demonstrated. A delay of less than 3 hours is reached for individual events. This is made possible by using an operationally operated ground infrastructure, consisting of a polar downlink station, a globally distributed fiducial GPS ground network, a precise orbit determination facility, an automated occultation processing system and an advanced data center (the Information System and Data Center at GFZ, ISDC). The infrastructure was installed within the CHAMP and the German GPS Atmosphere Sounding Project (GASP). More than 120,000 globally distributed occultation respectively. The standard deviation is 1.28 MHz (foF2) and 46.8 km (hmF2).
Introduction
The German geoscience satellite CHAMP, was launched on July 15, 2000 and is in orbit for about 3 years as of mid 2003. The measurements of CHAMP are used to determine Earth's gravity (e.g. Reigber et al., 2003b) and magnetic field (e.g. Maus et al., 2002) and to derive precise information about the vertical refractivity, temperature, humidity and electron density distribution on a global scale using the innovative GPS Radio Occultation (GPS RO) technique (Jakowski et al., 2002b , Wickert et al., 2001a . The properties of this calibration-free atmosphere limb sounding technique (e.g. all-weathercapability, high accuracy and high vertical resolution) offer great potential for atmospheric and ionospheric research, improvement of numerical weather forecasts, space weather monitoring and climate change detection (e.g. Anthes et al., 2000; Hajj et al., 2000; Kursinski et al., 1997) . GPS radio occultation was pioneered by the U.S. American Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -4 - GPS/MET (GPS/Meteorology) -Experiment (Rocken et al., 1997; Ware et al., 1996) . CHAMP, together with the U.S.-Argentinean SAC-C satellite, launched on November 21, 2000, succeeds GPS/MET (see e.g. Hajj et al., 2003) .
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Simultaneously with the realization of the CHAMP mission the HGF strategy funds (German's Helmholtz Association's instrument of competition) project GASP (GPS Atmosphere Sounding Project, 1999 , Reigber et al., 1998 was performed. The project was initiated to establish ground and space based GPS remote sensing techniques and their application in Germany. GASP was a project of the HGF research centers AWI (AlfredWegener-Institut für Polar-und Meeresforschung), DLR (Deutsches Zentrum für Luft-und Raumfahrt) and GKSS with GFZ as the project leading institution. The main project goals were: installation of an infrastructure for the operational provision of space-and groundbased GPS atmospheric data and the assessment of their value for applications in atmospheric research and weather forecast.
Here we focus on the operational analysis of the space-based data from CHAMP. The status of the radio occultation experiment is briefly reviewed and the operational occultation data analysis is characterized. The time delay between measurement and provision of analysis results is investigated with respect to the World Meteorological Organization's (WMO) requirements for the use of satellite based data in Numerical Weather Prediction (NWP, WMO TD No. 913, SAT-21, 28/9/1998) , which for NWP demands a maximum latency of 1-4 h (global prediction) and 0.5-2.0 h (regional) respectively between measurement and provision of analysis results. Independent atmospheric/ionospheric data sets (meteorological Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -5 - analyses from ECMWF, radiosondes and ionosondes) are used to validate the quality of the operational analysis results.

Status of the CHAMP RO experiment
CHAMP's GPS radio occultation experiment was activated on February 11, 2001, when 7 occultation measurements during an one hour period were recorded by the GPS receiver (Jet Propulsion Laboratory's "Blackjack") onboard the satellite (Wickert et al., 2001a vertical profiles of atmospheric parameters (83.9 % of the excess phases) passed the automatic quality check (Fig. 1) .
The first ionospheric radio occultations were recorded on April 11, 2001 (Jakowski et al., 2002b) . In total 81,949 measurements were recorded during 2001 and 2002; 51,217 electron density profiles were derived (Fig. 2) .
After a flight-receiver software update on March 10, 2002 continuously on average about 260 atmosphere and 200 ionosphere daily events were recorded ( Figs. 1 and 2 ). Since the CHAMP mission is currently expected to last until late 2007 (Fig. 3) , an unprecedented long-term-set of GPS occultation data is anticipated.
Infrastructure for GPS occultation data analysis
Journal of the Meteorological Society of Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -6 - The infrastructure for the GPS radio occultation experiment was installed within the framework of the CHAMP mission and the GASP project (see Chap. 1).
The main components of the operational infrastructure for data generation, transfer, analysis and archiving are: the GPS receiver onboard the CHAMP satellite (provided by Jet Propulsion Laboratory, JPL) and the ground segment (see Fig. 4 ). It consists of the near polar downlink station at Ny Ålesund, Spitsbergen (79.0° N, 11.5° E), the fiducial GPS ground network ("High rate and low latency network", currently consisting of about 40 stations, see e.g. Wickert et al., /2001b Galas et al., 2001) , the Ultra rapid Precise Orbit Determination facility (König et al., /2002 , the operational analysis system for GPS occultation and ground data (e.g. Wickert et al., 2001a) and, for archiving and distribution, the CHAMP Information System and Data Center. A second downlink station at DLR Neustrelitz, Germany (53.1° N, 13.1° E) serves as backup. The GPS ground network is operated in cooperation between GFZ and JPL, the other components are maintained by GFZ.
Data analysis
Atmospheric excess phase calibration
A double difference technique is used for the calibration of the atmospheric excess phase to correct for satellite clock errors. GPS measurements (50 Hz precise phases L1 and L2) from the occulting and a reference GPS satellites are combined with simultaneously recorded Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -7 - GPS ground station data from the fiducial network (see also Fig. 4) . Details of the excess phase calibration are given e.g. by Hajj et al. (2002) , Wickert (2002) , and Schreiner et al. (1998) . Precise GPS and CHAMP ephemeris are necessary to correct for the relative motion of the satellites. These data are operationally provided by GFZ's precise orbit determination facility (König et al., /2002 .
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The termination of the Selective Availability (SA) mode of the GPS (resulting in reduced amplitude of GPS clock variations; see e.g. Wickert et al., 2002) on May 2, 2000, 04:05 UTC had positive consequences for the excess phase calibration, which for first time were realized by the analysis of CHAMP's occultation data.
One profit is a possible reduction of the GPS ground station acquisition rate for double difference occultation processing from the standard 1 Hz down to 1/30 Hz (standard acquisition rate of the International GPS Service (IGS) ground station network) without significant loss of vertical profile quality (Wickert et al., 2003a,b) . This fact is favourable for the data transfer and processing. The GPS ground data have the major part in the input data for the occultation processing. For a network of e.g. ~25 stations the daily amount is ~1 Gbyte, if 1 Hz data are used (more than ~90% of the total input data amount). This can be significantly minimized using reduced acquisition rates.
Another advantage is the feasibility of the application of space-based single difference techniques for precise GPS occultation processing, which was demonstrated by Wickert et al. (2002) . The author's results suggested that in result of the termination of SA the application of a space-based single difference technique provides nearly identical Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -8 - refractivity and temperature profiles compared to profiles processed using double differencing. This would not only significantly simplify the occultation processing system (no more direct use of ground station data), but also entirely avoid measurement error contributions from ground-to-satellite links (e.g. phase path noise, uncorrected ionosphere/troposphere or multipath at the ground station sites).
Derivation of vertical neutral atmospheric profiles
Vertical profiles of atmospheric refractivity are derived from atmospheric excess phase using the geometrical optics (GO) approximation and the Abel inversion technique (see e.g. Steiner et al., 1999 ). An algorithm, described by Sokolovskiy and Hunt (1996) , is applied for the optimization of the bending angles using the MSISE-90 climatology (Hedin, 1991) . For dry air, the density profiles are calculated using the known relationship between density and refractivity. Temperatures ("dry" temperatures) are obtained from the hydrostatic equation and the ideal gas law. Water vapor profiles are derived applying an iterative method described by Gorbunov and Sokolovskiy (1993) using 6 hourly operational global weather analyses from ECMWF (see e.g. Marquardt et al., 2001) . The complete occultation analysis is overviewed by Wickert et al. (2001a) , details are given by Wickert (2002) . Several modifications of the analysis software were performed since the first measurements and resulted in a new version of analysis results (version 004), which is provided since December 2002.
Major modifications are: use of an empiric Doppler model for plausibility control of L1 and Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -9 - L2 data in the lower troposphere (for details see Hajj et al., 2002) ; use of ECMWF data for the initialisation of the hydrostatic equation at 43 km (one atmospheric scale height above the highest data point provided) and relation of the geometrical heights to the EGM96 geoid (Lemoine et al., 1998) . The ECMWF data are also used for the quality control. A maximum deviation of the CHAMP relative refractivity in relation to the analyses data of 10% is allowed. In the lower troposphere the profiles are cut-off, when the deviation is beyond this limit. A heuristic retrieval method (CTss, Beyerle et al., 2003b ) based on the Canonical Transform (CT) technique (e.g. Gorbunov, 2002) and the sliding spectral (ss) approach (Sokolovskiy, 2001 ) is found to reduce the lower tropospheric refractivity bias (e.g. Ao et al., 2003) by more than a factor of two (see Chap. 7.2). It is not yet applied to the operational data analysis. Another method of wave optics based occultation data analysis is the radioholographic approach (see e.g. Paveljev et al., 1996 or Hocke et al., 1999 .
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Derivation of vertical electron density profiles
A tomographic approach was established that uses spherical volume shells with constant electron density (e.g. Jakowski, 1999) . Differential GPS phase measurements provide the total electron content along the ray path as a summation over the path integral in the different shells. The discretization of the ray paths has the advantage that additional information from external sources such as peak electron densities or vertical TEC can easily Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -10 - be included in the reconstruction of the electron density profile. This advantage is currently not being used for the operational data analysis.
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Since the geometric path length through the different layers can easily be determined, the electron density of different shells is then directly computed from the 1 Hz measurements starting with the uppermost layer down to the bottom of the ionosphere in a recursive way.
Because the rather low orbit height of CHAMP (~400 km, see Fig. 3 , close to the peak density height of the F2 Layer), special care is needed to define the initial TEC before starting the retrieval. Various possibilities for using topside ionosphere/plasmasphere models have been tested for that purpose (Jakowski et al., 2002a) .
Operational data analysis
A modular structured scientific analysis software for GPS radio occultation data of the neutral atmosphere was developed for the CHAMP occultation analyses (Wickert, 2002; Marquardt et al., 2001; Hocke, 1997) . The atmospheric excess phases are calculated for each occultation event (see Chap. 4.1) and the vertical profiles of refractivity, temperature and water vapor are derived (see Chap. 4.2). The analysis modules are part of a dynamically configurable system for operational data product generation. The basics of such system are described by Wehrenpfennig et al. (2001) . It ensures the continuous data flow through the scientific analysis modules and provides the interface for making available the input data and for the provision of the atmospheric data products to the archive system (see Fig. 4 ). Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -11 - Including scientific modules for ionosphere data analysis the system is also used for the operational analysis of CHAMP's ionospheric occultations (Jakowski et al., 2003 (Jakowski et al., , 2002b .
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These data products may be used to derive space weather information on the global state of the ionosphere ).
Apart from the reliability and robustness of the operational occultation processing system, the reliability and the timeliness for providing the input data is the crucial factor for a continuous and rapid product delivery. These are (we focus here to the neutral atmosphere):
CHAMP's GPS measurements, the fiducial network data and the precise orbit ephemeris of CHAMP and the GPS satellites.
The first requirement is the continuous availability of CHAMP's GPS data for the precise orbit determination (1/10 Hz phases and pseudoranges) and occultation processing (50 Hz phases). This is achieved by using the near-polar receiving station at Ny Ålesund. A ground contact occurs about every 86 min with a minimum duration of ~7 min (simulation study by Wickert et al., 2001b) . The time delay due to the data transfer to the processing center at GFZ can be neglected.
The time delay for providing the ground station data (hourly RINEX files) via CHAMP's ISDC is currently between 30 to 70 min. The delay can be further reduced since the data are transmitted from the ground station sites as files covering 15 min intervals. These files are transferred to the network processing centers with maximum time delay of 15 min Galas et al., 2001 ). Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -12 - The described operational availability of the GPS satellite and ground data with low latency allows for the demonstration of rapid orbit and occultation processing. Since April 2002 the GPS and CHAMP satellite orbit ephemeris are available about every 3 hours (Ultra rapid Science Orbit, USO; König et al., 2003) . The USO data cover a 14 h (CHAMP) and 24 h (GPS) time window, respectively, up to ~3 h before delivery. The accuracy of the USO is comparable to the CHAMP standard product, the Rapid Science Orbit (RSO), which is delivered on a daily basis with ~24 hours latency (König et al., 2002) . Satellite Laser Ranging (SLR, 3D) residuals for CHAMP USO and RSO are shown in Fig. 5 (average deviation for RSO: 7.6 cm; for USO: 9.8 cm). The average RMS of the difference to IGR orbit solution (provided by the IGS) of the GPS satellites is ~8 cm for the RSO and ~12 cm for the USO. The slight difference in the accuracy between USO and RSO data can be attributed to the difference in the distribution of GPS ground data which naturally becomes better with time passed away.
Due to the availability of USO the demonstration of Near-Real-Time provision of precise GPS occultation data products became feasible and is demonstrated at GFZ since April 2002. The accuracy of the Near-Real-Time products is shown in Fig. 6 . The comparison of two sets of each 614 vertical temperature profiles, one processed using RSO (GPS and CHAMP orbits), the other using USO, yields no discernible difference. The mean deviation of the dry temperature and the refractivity is almost zero, the standard deviation is negligible (<0.05 K; <0.05%) within the entire height interval. The decrease in the standard deviation of the temperature profiles at altitudes above ~30 km is due to the initialization of the Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -13 - hydrostatic equation at 43 km with identical values (ECMWF data) for USO and RSO profiles (see Chap. 4.2) . For each of the USO profiles a delay between measurement and provision of the temperature profile of ~5 hours was reached (Fig. 7) . The RSO profiles are generated with ~16 hours latency in relation to the measurement. We note that the real delay between measurement and data provision of vertical temperature and humidity profiles is enhanced by the need of independent meteorological data (global weather analyses from ECMWF) for the quality control. This results in a total delay of ~1-2 days between measurement and provision of the profiles at the ISDC. Using global weather forecasts instead of the analyses this delay can be further reduced.
However, the meteorological research over the past years has concentrated on the evaluation of assimilation of the ionosphere free bending angles or refractivity profiles Eyre, 1994) instead of vertical temperature and/or water vapor profiles. Bending angles and refractivity can be directly derived from the atmospheric excess phase (see e.g. Kursinski et al., 1997) , which is provided as an result of the Near-Real-Time data analysis, without ancillary meteorological data.
For that reason the Near-Real-Time generated atmospheric excess phases are provided to the Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -14 - initial statistic analysis of more than 100 days Near-Real-Time processing of CHAMP occultation data. The mean latency of all analysed excess phases for the entire period was ~5 h. On each day the minimum delay is on the order of 3 hours. On 10 days events reached a delay of less than 3 hours. This result is very encouraging for a future operational use of GPS radio occultation data in NWP, since the timeliness achieved, in part already match the latency requirement for global NWP (see Chap. 1). Due to the transmission of 15 min ground station files every 15 min, a further reduction of the time interval for the provision of the precise orbits (USO currently 3 h) and consequently of the average 5 h latency for the atmospheric data products will be feasible.
Validation of vertical atmospheric profiles
The period after the flight-receiver software update on March 10, 2002 up to the end of the year (see Fig. 1 ) was used for a validation study to evaluate the quality of the CHAMP profiles. 46,000 measurements (GO) were available for the comparisons (all results of the operational data analysis during this period). In contrast to Marquardt et al. (2003) or Wickert et al. (2001b) we validate the current version of atmospheric data products (004), which is available via ISDC. In addition we present validation results of a set of 32,196 measurements, analysed using the CTss method. This analysis technique is still not used for the operational data processing. Despite of the fact, that GO and CTss data set consist of a different number of profiles, the validation results can be directly compared. We've found Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -15 - that subsets of the GO data set (e.g. corresponding with the 32,196 CTss profiles) show statistically nearly identical behaviour as the complete set.
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Upper troposphere/Stratosphere
The comparison of CHAMP dry temperature and refractivity profiles with interpolated data from 6-hourly operational meteorological analyses from ECMWF is shown in Fig. 8 .
Between 10 and 35 km the bias is <0.5 K, the mean deviation of the refractivity is <0.5%. A height dependent standard deviation of ~1 K (~0.6 %) at 10 km and ~2 K (~1 %) at 30 km is observed in the temperature and refractivity comparison, respectively. We note, that the refractivity profiles were derived without ancillary meteorological data. A climatology (MSISE-90, see Chap. 4.2) was used for optimizing the bending angles above ~30/40 km.
A validation study using data of the global radiosonde (RS) network confirms this result (Fig.9) . The comparison was performed at the standard pressure levels. For 5,843 out of the 46,300 CHAMP occultations exist a corresponding radiosonde measurement with a distance ∆d of less than 300 km and a time difference ∆t of <3 h. 129 of these sounding satisfy the ∆d<100 km and ∆t<1 h criteria. The data sets exhibit nearly no bias between 300 hPa (~9 km altitude) and about 20 hPa (~27 km) standard pressure level. Above 20 hPa a cold bias of the CHAMP retrievals is observed, reaching ~2 K at 7 hPa (~33 km) for both comparisons. Between 300 hPa and ~20 hPa a clear reduction of the standard deviation between the CHAMP and RS data from ~2 K in the 300 km/3 h comparison to ~1-1.5 K in the 100 km/1 h is detected. Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -16 - Between 10 and 25 km (~25 hPa) the temperature bias in relation to the analyses (especially around 15 km, the location of the tropical tropopause region) seems to be slightly larger than in relation to the radiosonde data, which can be an indicator for deviations of the analyses from the real atmospheric situations. The slightly negative bias of the CHAMP measurements of ~0.3% in relation to the analyses, observed between 12 and 25 km may confirm this assumption. A more detailed analyses of the observed biases however is beyond the scope of our study. Fig. 10a shows a comparison of tropospheric refractivities derived using the geometrical optics (GO) approximation. A total of 46,300 occultations are included. The data are sorted in latitude bins of 5° and altitude bins of 0.2 km. Below 6 km a negative refractivity bias of CHAMP data in relation to the analyses is observed. The bias is most pronounced in the Tropics and reaches here ~5 % below 2 km, up to ~7% in the last km above Earth's surface between 0 and 30° South. It extends to mid-latitudes, where it decreases down to ~1% at 60°N. These features are almost identical with the findings of Ao et al. (2003) . The authors characterized the bias and discussed in detail its origins. These are: non-correct treatment of multipath effects in the lower troposphere (e.g. Gorbunov, 2002) , the GPS receiver tracking of signals propagating the lower troposphere (Ao et al., 2003; Beyerle et al., 2003a) and problems related to critical refraction (e.g. Sokolovskiy, 2003) . The application of the CTss method (see Chap. 4.2) significantly reduces the observed bias (Fig. 10b). A bias of less then ~0.5 % is observed nearly down to Earth's surface for profiles >45° North and South. Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -17 - Even in the tropics the bias does not exceed -1.5% above 2 km. However below 2 km (region of the planetary boundary layer) in the Tropics (30°S up to 30°N) negative biases in the CHAMP retrieval occur (up to ~4% for small meridional regions). Improvements in the receiver software (data wipeoff, implementation of open-loop tracking) will help to reduce the bias in the near future (e.g. Beyerle et al., 2003a) . However the ducting (problems associated with strong refractivity gradients at the top of the planetary boundary layer at 1-2 km altitude) is a fundamental limitation of the RO method (see e.g. Ao et al., 2003; Engeln et al., 2003 or Sokolovskiy, 2003 .
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Lower troposphere
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Specific humidity
The operational occultation processing system also provides vertical profiles of specific humidity (see Chap. 4.2). The observed negative refractivity biases (see Chap. 7.2) should directly map to dry biases in the derived water vapor profiles. Variational retrieval schemes, combining measurement and background, taking into account their errors characteristics, are more promising to derive specific humidity, but also suffer from the observed bias in refractivity. The suitability of these methods for operational use is still not satisfactory tested, but they will be implemented in the operational CHAMP processing in near future.
For this purpose an algorithm, developed by of Healy and Eyre (2000) , is foreseen. Here, we evaluate the specific humidity, derived using the standard method (Chap. 4.2). Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -18 - For both refractivity data sets (46, 300 GO and 32, 196 CTss profiles) used in Chap. 7.2 vertical profiles of specific humidity were derived (see Chap. 4.2.) . The data are sorted in latitude bins of 5° and altitude bins of 0.2 km, negative values of the specific humidity are excluded from the comparison. In case of GO approximation the derived water vapor profiles exhibit in the statistical mean unacceptable large biases, reaching up to 30-40% in the Southern Tropic region even below 5 km (Fig. 11a) . The situation is significantly improved if the CTss refractivity profiles are used for the derivation of humidity (Fig. 11b) .
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The dry bias of the water vapor retrievals in relation to ECMWF is reduced by about an factor of 3. Biases larger than -15% are observed only in the tropic region below ~1 km and in the upper troposphere, where very small absolute values of specific humidity of ~0.02-0.05 g/kg are observed. We conclude that the improvement of the refractivity retrieval (see Chap. 7.2) is the key issue for the derivation of precise water vapor profiles from GPS radio occultation measurements. This is confirmed by a statistical comparison of CHAMP profiles with corresponding radiosonde data (Fig. 12) . A set of 3,724 vertical refractivity and humidity profiles, derived from CHAMP occultation measurements (recorded between March 10 and December 31, 2002) using GO approach and CTss method (comparison, if both, CTss and GO profile, were available) respectively was compared with corresponding radiosonde data. About 69% of the compared data are located at latitudes between 30° and 70°N. In good agreement with Fig. 10a negative refractivity bias reaching up to ~2% in vicinity of the Earth's surface is observed in the GO retrievals. The standard deviation is about 3.5% there. The application Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -19 - of the CTss method reduces the bias significantly to ~0.3% and the standard deviation to about 2.5%. Bias and standard deviation of the specific humidity profiles are also signifycantly reduced below 500 hPa from ~0.7 g/kg to ~0.2 g/kg (dry bias) and ~1.5 g/kg to ~1.0 g/kg (standard deviation) by applying the CTss method. We note, that we've excluded unphysical values for the CHAMP water vapor (negative) from the comparison. These values can be observed if large negative biases in the refractivity profiles exist, which are used for the water vapor derivation. We've used this as additional quality criterion, the statistics was not significantly modified.
Validation of vertical electron density profiles
The achievable accuracy of the electron density profiles depends on various factors and cannot be discussed here in detail. One of these factors is e.g. the assumption of spherical symmetry (see Chap. 4.3) . To get an estimate of the accuracy of the derived profiles, the F2 layer critical frequency foF2 and the corresponding height hmF2 were extracted from the profile data and compared with observational values (ionosonde data) taken from the SPIDR data base (O'Loughlin, 1997) . The comparison was made for data that coincide within a spatial cross section of 8° radius and within a time window of 30 minutes. The calculated absolute deviations of foF2 are shown in Fig. 13 .
The absolute distribution function is biased by 0.18 MHz and 13.4 km for foF2 and hmF2 respectively. Whereas the bias for the critical frequency of 0.18 MHz (RMS = 1.28 MHz) is rather small, bias and dispersion of the peak density height of 13.6 km (RMS = 46.8km) are Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -20 - surprisingly big and therefore needs further discussion. The results are in principal agreement with previous studies (Jakowski et al., 2002b (Jakowski et al., , 2003 .
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To evaluate the accuracy of the entire profile from the CHAMP orbit height down to the E layer, IRO data were compared with vertical sounding data of selected mid-latitude stations.
Preliminary results indicate a small positive bias of the IRO data in the order of about 0.5
MHz and a standard deviation from the mean of about 1 MHz throughout the entire profile.
Considering the large spatial and temporal cross section the agreement is quite well. Recently, results of the improved data processing (see Chap. 4.2, product version 004) are provided. In a next step GPS flight-software modifications in combination with the implementation of the CTss method (Chap. 7.2 and 7.3) will further increase the accuracy of the atmospheric data products. Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -21 - In addition to these improvements the provision of a new data product type is foreseen in near future: results of a 1Dvar data analysis (CH-AI-3-VAR, implementation of the algorithm described by Healy and Eyre, 2000) . This method is based on optimal estimation of both, temperature and humidity. The measured refractivity profile is combined with a priori data (derived from ECMWF analyses) taking into account the error characteristics in a "statistic optimal" way (Healy and Eyre, 2000) .
Provision of GPS occultation data and analysis results via the Information System and Data Center
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Summary and Outlook
About five years after GPS/MET the CHAMP experiment not only succeeded this pioneering mission; CHAMP also brought significant progress for the GPS radio occultation technique.
Due to improved GPS receiver technique (JPL's state-of-the-art flight receiver "BlackJack") and the operational operated occultation infrastructure CHAMP allows for continuous atmospheric sounding independent of the Anti-Spoofing mode of the GPS. The CHAMP data (neutral atmospheric and ionospheric occultations) are automatically processed, the analysis results are provided to the scientific community via the CHAMP data center, ISDC, at GFZ (http://isdc.gfz-potsdam.de).
Using a near-polar receiving station at Ny Ålesund, Spitsbergen and the data of the global "High Rate and Low Latency GPS ground network" for the first time rapid orbit and occultation processing (Near-Real-Time) is continuously demonstrated. An average delay between measurement and provision of analysis results for assimilation purpose of ~5 hours is continuously reached, for single occultations a delays of shorter than 3 hours after Journal of the Meteorological Society of Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -22 - measurement is observed. A further reduction of the average delay is possible. It was shown that the rapid processing using ultra rapid orbit solutions provides almost identical results in relation to the standard processing. The operational data processing and continuous provision of analysis results allows for the first time for validation studies using several tens of thousands vertical profiles of refractivity, temperature and water vapor to characterize the accuracy of the operational data products. For this purpose a validation study was performed using more than 46,000 CHAMP profiles, recorded between March and December 2002. The profiles were compared with meteorological analyses from ECMWF and ~6,000 radiosonde measurements. The mean temperature bias in relation to the analyses is less then 0.4 K between 10 and 35 km, the mean deviation of the refractivity is <0.5%. A height dependent standard deviation of ~1 K at 10 km and ~2 K at 30 km is observed. A negative bias of the refractivity in relation to the analyses up to 5% in the tropic region is found in the lower troposphere. The application of the canonical transform sliding spectral analysis technique reduces the bias by about a factor of 2. The derived water vapor profiles show unacceptable large dry bias in relation to the analysis, if GO refractivity profiles were used for the retrieval.
The application of the CTss technique reduces the biases in average by about a factor of 3.
Similar values are observed when comparing a set of ~4,000 occultations with radiosonde data. It was shown that for mid-latitudes the observed bias was avoided almost completely, except the planetary boundary layer. It is concluded that further achievement in reducing the negative bias also will significantly improve the quality of the derived water vapor retrievals. Japan, Vol. XX, No. X, pp xxx-xxx, 2003 -23 - About 1,000 vertical profiles of electron density, derived from CHAMP measurements are compared with data from the global ionosonde network. The CHAMP data are biased by 0.18 MHz and 13.4 km for foF2 and hmF2 respectively. Standard deviations of 1.28 MHz and 46.8 km are observed respectively.
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Since March 10, 2002 continuously ~200 atmosphere and about 160 ionosphere profiles of good quality in average are provided. Since the CHAMP mission is currently expected to last until late 2007, an unprecedented long-term-set of GPS occultation data covering a duration of 6 years is expected. This will stimulate the activities to turn the GPS occultation technique from a promising to an established method for global sounding of Earth's atmosphere.
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